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Fig. 1  Schematic illustration of hydrogen permeation
measuring apparatus used in this work (V;—Vg Swagelok

valves)
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Fig. 2 @ of alloy 33" membrane as function of time:
(a) Temperature dependence (1/T) of @; (b) J-d values as
function of pressure and time (Inset shows isothermal variation
of J-d as function of p*°, & values of pure Pd in Ref. [7] is also

included for comparison)
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Fig. 3 Hydrogen permeability at 673K in region III' (a) and
temperature dependence of hydrogen permeability @ for
representative alloys (18", 17, 25", 24" and 33%) in form of
Arrhenius plot (b) (@ values of pure Pd and Nb;(TizsCoss in

Ref. [7] are also included for comparison)
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Fig. 4 Curve of hydrogen permeation flux with change of
time for representative alloys (18", 177, 25", 24" and 33%) (Inset
shows samples sandwiched between two copper seal gaskets

after hydrogen permeation test)
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HEWEAT NI T RA 3 H4h, SHg—ME
SRk, FEREE IR IREE I, AENRE R
FA%, e 33"&47E 523 K. 573 K. 623 K Al 673 K
TEEHR 0.4 MPa)IIREE /314 0.55%. 0.49%-
0.44%1 0.37%(i &7 %), X FERB T ERITR
Nb 5 H KGRI JE TR N, B LA
TR (R 32 T v R AR R BTN, 5 LT S 4
BEHWIE . BIRTE 0.1~0.4 MPa TG N &4 EWRE ¢

N p* Z AR Sievert’s AR, (HELMEMA K
ER S 2T R A

c=K-p™>+a (2)

X a A—TLENEH, RELQEHEHEE
SMABRRB K, FIHXZRR o=D K Er] R HEHEA
VECRE D, nF 1 Frsl. WE 1 ATES, HERE
T 33%, 24%, 18751 @ MHMKVIER, IFH 337 24
AN 18" S A AR BE R M AT R R BB AR a8, 18
44 673 K I EiE R R H0N 15.6 mol/(m®-Pa’?), & 337
HEM 116 5 ML, R EGEET BREhKIK
TR, 18"84 673K WIEAY BLRECN 26.4X107"°
m’/s, /& 33 E4M 135 ff. RiRGERERY, 448
AR D 15> Doy > D33) L T AIF B HL
REFE R, EREEY AR E FIEM.

24 EE/SHENE
—RORUE, HAE Nb s S VA A 1= H
BT LR A

_E..
D =D, ex diff 3
o P( RTJ (3)

X Dy AT ETE R T Ear AP BUSIERE: T IR
JE; R NFIAHSARE R B 6 451 T 18" (NbesTinCos)-
24" (NbssTissCox0)F1 33 (NbsoTissCoss) & & 2 B K 1
D'5i8E T 1 Arrhenius 14k, Ht, D'=1000-R
In(D/Dy). F A HAMRENE T ENEY BE
b St kMG, 31 18" (NbssTizCoys)s
24%(NbssTirsCoao) 1 33*(NbsoTissCoss) & 4x A Bk
WAL A 17.1.18.3 A1 20.6 kJ/mol. 33" (NbsTizsCoss)
HEEY HseR R R, AR T NE ST I —
AN BT B 55— AP B BT e IR A 22 8
RS TIPGE IR, AR, 18" (NbgsTizgCos) IEY"
Brsom R, AR TFASKE, X2 1844 A
HREEAYHAMER . B, E&5LR=FME4
M R, R DARI A “ R B AR AL 7 R 4 A

£ 1 33*(NbyTizsCoss)s 24" (NbssTinsCoxg) Ml 18%(NbgsTingCoys) &4 7E 523~673 K FTHIEEE R (D), AWBMARK), &3

HMATDMBEAREV)

Table 1 Hydrogen permeability (@), hydrogen solubility coefficient (K), hydrogen diffusion coefficient (D) and hydrogen
permeation flux (J) for 33%(NbsoTi3sC035), 24" (NbssTi»5C040) and 187 (NbgsTinCos) alloys at 523—673 K

Alloy @/(10 ¥ mol-m'-s™'-Pa"?)

K/(mol'm-Pa™"%)

D107 m?-s7h Jers !

No. 523K 573K 623K 673K

523K 573K 623K 673K

523K 573K 623K 673K (mL'min")

33" 066  1.15 1.85 266 168  16.5
24* 0.77 136 226 3.8 179  17.1
18" - 1.51 257 412 203  18.12

13.7 13.5 3.9 6.1 13.5 19.6 2.57
15.5 14.2 43 7.9 14.5 25.2 3.47
16.8 15.6 - 8.4 153 26.4 3.98
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Fig. 5 PCT (pressure-composition-temperature) curves for 33#(Nb30Ti35C035), 24#(Nb55Ti25C020) and 18#(Nb(,5Ti20C0, 5) alloys at
523-673 K ((a), (c), (), (g)) and Sieverts’ plot, i.e., p”> vs. hydrogen composition ¢ ((b), (d), (f), (h)): (a), (b) 673 K; (c), (d) 623 K;
(e), (N 573 K; (g), (h) 523 K
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Optimum design and hydrogen permeability of
Nb-Ti-Co separation alloy:
II. Hydrogen permeability and mechanism

MIN Ruo-nan', YAN Er-hu', HUANG Hao-ran', ZHU Kun-jun®, ZHAO Guang-wei’,
LI Xin-zhong?, XU Fen', SUN Li-xian'

(1. School of Materials Science and Engineering, Guilin University of Electronic Technology, Guilin 541004, China;
2. School of Materials Science and Engineering, Harbin Institute of Technology, Harbin 150001, China;
3. College of Mechanical and Power Engineering, Three Gorges University, Yichang 443002, China)

Abstract: The hydrogen permeability of 27 kinds of alloys in the hydrogen permeable component region of Nb-Ti-Co
alloy system was studied in the region of 523—673 K, and compared with Nb-Ti-Ni and pure Pd. And then the durable
performance, hydrogen dissolution and diffusion behaviors of typical alloys in the above component region were
analyzed. The hydrogen permeable and anti-hydrogen brittleness mechanisms were also discussed by using the resistance
model and the hydrogen dissolved model. The results show that after removing 6 hydrogen embrittlement alloys in
original hydrogen permeable component region, an new component region was constructed, i.e., the region III. 18" alloy
in the region III' possesses the highest hydrogen permeability with 4.12X 10 mol/(m-s-Pa'?) at 673 K. The hydrogen
permeability of the remaining alloys is listed in the order as follows: 17% (3.99 X 10°® mol/(m's-Pa'?)), 25% (3.72X10°*
mol/(m-s-Pa'?)) and 24" (3.58X10°® mol/(m-s-Pa"%)). The hydrogen dissolution and diffusion coefficients of 33%, 24"
and 18 alloys in the region III increase in sequence. The hydrogen dissolution and diffusion coefficients of 18 alloy are
15.6 mol/(m*-Pa>) and 26.4X 10" m%/s, which are 1.16 and 1.35 times larger than those of 33" alloy. The increase of
hydrogen permeability in the region III(®,g>> D,4:>> P37 can be attributed to the simultaneous increment of hydrogen
dissolution and diffusion coefficient, but the later plays a key role. The hydrogen diffusion activation energy of 18" alloy
is low and the hydrogen atoms are easy to jump. Therefore, this alloy has relatively high hydrogen diffusion coefficient.

Key words: Nb-Ti-Co alloy; hydrogen permeation; hydrogen dissolution; hydrogen diffusion
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